The term TGA was first coined by Fisher '21 and cerebral haemorrhage. 22 Elsewhere we,2324 and others,25 have argued that much of this aetiological uncertainty results from the lack of generally agreed diagnostic criteria coupled with the lack of sound epidemiological studies. The early authors were highly restrictive in their use of the diagnosis. Subsequently, the term has been applied to a variety of different clinical situations merely sharing the feature of prominent memory loss.25 Whilst some authors have included patients with unwitnessed attacks or with focal neurological features during the attack, others excluded such cases. The possibility that "pure TGA" may have a different aetiology to transient amnesia with additional neurological features has not been properly considered.
The diagnostic criteria proposed by Caplan2' are now gaining acceptance and were used in two recent large clinical studies.227 However, there have been no attempts to validate these criteria, to assess whether they designate a distinct group of patients with acute amnesia or to see how successfully these relatively stringent criteria can be applied in clinical practice.
Between 1984-87 we conducted a casecontrol study of TGA in which diagnostic criteria derived from Caplan25 were applied. In this paper we report the clinical features and outcome of the TGA cases included in the study and contrast these with the cases of acute transient memory loss excluded from the study (the non-TGA cases). The main purpose was to assess the usefulness of the proposed diagnostic criteria and to establish whether subgroups of patients with different prognoses can be identified on the basis of their clinical features at presentation.
In addition, we were able to address certain controversial clinical aspects including the prevalence of CT scan abnormalities" 122829 and a family history of TGA.'}32 We also draw attention to some previously neglected clinical features, such as the presence of a permanent retrograde gap post-attack, and assess the possible contribution of alcoholism which although known to cause amnesic "blackouts"33 has not been considered in the aetiology of TGA.
Subjects and methods
Diagnostic criteriafor definite TGA a) Attacks must be witnessed and information available from a capable observer who was present for most of the attack. b) There must be clear-cut anterograde amnesia during the attack. c) Clouding of consciousness and loss of personal identity must be absent, and the cognitive impairment limited to amnesia (that is, no aphasia, apraxia, etc). d) There should be no accompanying focal neurological symptoms during the attack and no significant neurological signs afterwards. e) Epileptic features must be absent. f) Attacks must resolve within 24 hours. g) Patients with recent head injury or active epilepsy (that is, remaining on medication or one seizure in the past two years) are excluded.
Patients
The 153 cases included in the study were ascertained by two means:
1) In 1984 we wrote to all general practitioners in the Oxfordshire Region asking them to refer any potential cases of TGA. The consultant neurologists in the Region and the Oxfordshire Community Stroke Project (OCSP)3 also participated in the study. A total of 84 patients were referred for assessment between 1984-87 and were designated the prospective group. All patients were seen by one of the authors (JH) at an interval after the attack, and 12 were examined during the acute episode. Five of these had detailed neuropsychological testing as described elsewhere. 23 Of the 84 prospective cases, 63 fulfilled the criteria for definite TGA and 21 (non-TGA cases) were excluded for the reasons shown in table 1. 2) A further 69 cases were ascertained after reviewing all possible cases Figure 2 The distrwoution of length of attack in the TGA and non-TGA cases.
groups. As shown in figure 1 the ages of the definite TGA patients were normally distributed around the mean with the vast majority being aged between 50 and 80 years; only one was aged less than 40 years. The ages of the non-TGA patients were less normally distributed and the proportion aged below 50 was significantly greater than in the definite TGA group (OR 4-2; 95% CI 1.05 to 9 2). Social class was characterised according to the Registrar's General classification and a comparison was made with the 1981 census statistics for Oxfordshire41. The higher proportion of definite TGA cases in social class I (17o5%; 95%°/ CI 10.5 to 2455%) compared with the general population (7-5%//) did not reach significance. The distribution of social classes was otherwise extremely similar to that expected from the local census figures.
Number and duration of attacks The proportion of the non-TGA patients (67%) seen after a single attack was significantly less than in the TGA group (85%) (OR 2-8; 950% CI 1 1 to 7 1). As shown in fig 2, the vast majority of attacks in the definite TGA group lasted between one and eight hours: the mean duration was 4 2 (SD 2-8) hours and the median duration 3 5 hours. The shortest attack lasted 15 minutes and the longest 12 hours. Episodes lasting less than one hour occurred in only 9% of the 114 cases. The greater proportion of non-TGA cases with attacks of longer duration was an artefact of the study since patients with episodes of amnesia lasting for greater than 24 hours were, by definition, excluded from the definite TGA group.
Permanent retrograde amnesia
Patients and witnesses were questioned about the time of onset of the attack to look for any discrepancies that might indicate the presence of a permanent retrograde amnesic gap (that is, permanent loss of memory for events before the apparent onset of the episode). Suitably detailed information was available in 51 of the 63 prospectively ascertained TGA patients. Of these, 40 (78%) had a permanent gap between the last remembered event and the onset of anterograde amnesia. The duration of the gap was usually brief with a median time of one hour (range one quarter to ten hours). In only two did it exceed five hours. Since many of the patients in the non-TGA category had unwitnessed or poorly witnessed attacks, suitable information was available in a minority. However, of the 12 cases in whom assessment could be made, six had permanent amnesic gaps of 0-5, 4, 24, 24, 98 and 98 hours, respectively.
Precipitating factors Suitably detailed information on putative precipitating events in the preceding 24 hours was available only in the prospectively ascertained TGA cases. In this group of 63 patients two (3%) occurred immediately after swimming in cold water, two (3%) occurred shortly after sexual intercourse, one (2%) was related to severe pain (from a pilonidal sinus) and three (5%) followed immediately after medical procedures (two venepuncture, one acupuncture). Data on physical and emotional stress were clearly less reliable. Nevertheless, nine. (14%) reported an emotionally stressful event of at least moderate severity during the 24 hours leading up to the attack. Examples included receiving news that a nephew had cancer, witnessing a severe road traffic accident, involvement in a gas cylinder fire, being told that a close friend had had a heart attack, giving evidence at a medical tribunal, attending the grave of a deceased spouse and a violent family argument. In a further 11 Behaviour during attack The TGA and non-TGA groups could not be distinguished on the basis of the behavioural manifestations observed during the attack. Since many of the non-TGA patients had unobserved attacks the analysis was limited to those in whom eye-witness reports were available (see table 3 ). Disorientation in time was the rule in both groups. Repetitive questioning, which has sometimes been included as part of the defining characteristics of TGA, was present in 92% of definite cases and 71% of non-TGA cases. The ability to perform complex manual tasks is often preserved during TGA and was witnessed in 25% of the cases, in most this consisted of the ability to drive a car. A number of other more unusual activities occurred whilst in an attack; one patient continued making a wooden stool, one was able to continue putting together the alternator of his car, one continued with a bell ringing routine, one managed to put together a bicycle and another continued ballroom dancing (although he could recall only very old dances).
Neurologicalfeatures
The presence of clear-cut focal neurological symptoms excluded cases from the definite TGA category. The only commonly noted non-focal symptoms were headache (10%), nausea and/or vomiting (10%), both of which usually occurred immediately after the attack. In the non-TGA group ataxia, limb weakness or sensory disturbance were the most frequent major symptoms (see table 3 ). The proportion of patients with neurological abnormalities on examination after the attack is shown in table 4.
Only a minority (12 2% ; 95% CI 6-2 to 18 2%) of TGA patients had any abnormality, and in these the abnormality was either known to antedate the attack or could be attributed to an unrelated cause. For instance, one patient had signs of an old stroke, one had uniocular visual field loss due to glaucoma, one had a mild myelopathy, and one a diabetic peripheral neuropathy. The prevalence of neurological abnormalities in the definite TGA group was no greater than in an age-matched normal population sample.24 However, the prevalence of abnormal neurological signs in the non-TGA group (41-0%; 95%/-CI 25-6 to 56-4%) was, as expected (see definition of TGA), significantly greater than in the definite TGA cases (OR 5-0; 95% CI 2-1 to 11-7).
Family history of TGA Two cases of familial TGA were discovered. infarct and one amaurosis fugax). This difference was not significant (OR 2-0; 95% CI 0.3 to 14 9%).
Migraine Among definite TGA patients a third gave a history of migraine (as diagnosed by a doctor at any time); 27% had common and 23% classical migraine (that is, paroxysmal hemicranial headache accompanied by visual or other focal phenomena). The peak age of onset was in the second decade but occasional cases with onset in the sixth or seventh decade were observed. The prevalence of migraine, by all criteria, was not significantly greater in the TGA group than in the non-TGA group.
History of epilepsy Patients with active epilepsy were excluded from the definite TGA category. Three (2-6; 95 % CI 0 to 5.5 %) TGA patients gave a history of seizures, in all cases many years before their attacks of TGA. In the non-TGA group two (5-1 %; 95% CI 0 to 12-0%) patients had active epilepsy, one as the result of herpes encephalitis many years before and the other as the result of cerebral haemorrhage, both remained on anticonvulsants. Their attacks were indistinguishable from TGA but in view of their known active epilepsy they were included in the non-TGA group.
Alcohol intake and laboratory evidence of covert alcoholism The majority (70%) of TGA patients were in the habit of drinking regular small amounts of alcohol, although in only very few cases was the intake heavy. Using the criteria recommended by the Royal College of Physicians42 (more than 20 units per week) 10% were deemed excessive drinkers. By the less stringent criteria of the Royal College of Psychiatrists4" (more than 56 units per week) none of the group were drinking at a dangerous level. Laboratory evidence of covert alcoholism was largely lacking: none of the patients had a raised MCV, two had mildly elevated GGTs in the 50-60 iu/l range which was of doubtful significance, only one patient had a definitely raised GGT of 200 iu/l. The proportion of non-TGA cases who were regular drinkers was not significantly different from the definite TGA group. Laboratory evidence of alcoholism was found in one patient whose GGT was elevated at 100 iu/l. None had a raised MCV.
CT brain scans
All CT scans were performed on a Siemens DR1 with the gantry angled to 10°above the orbito-meatal line. In the supratentorial compartment contiguous 8 mm slices were used and below this level the interval was 4 mm. Contrast enhancement was not used routinely. Ninety five (83%) of the definite TGA cases, including a consecutive series of 50 prospectively collected patients, were scanned at an average of 40 days post-attack (range seven to 100 days). There were no instances of cerebral tumour. The only case of major arterial territory infarction was in a patient with a In the non-TGA group CT scans were performed on 33 (85%) at between 10 and 90 days post-attack. There were no tumours. Two patients with prior strokes had large areas of cerebral infarction. The proportion of cases with small deep white matter lesions or atrophy (13% and 15%, respectively) was not significantly different to that in the definite TGA group). OUTCOME 
VASCULAR EVENTS AND DEATHS
The number of deaths and vascular events in the TGA and non-TGA groups are compared in table 6 and the incidence data in table 7. The two deaths in the TGA group were both due to non-vascular causes (one multiple myeloma, one prostatic carcinoma), whereas of five deaths among non-TGA cases, four were due to vascular causes (two myocardial infarction and two stroke). When standardised for the length of follow up the mortality rate of the non-TGA group was approximately nine times that of the TGA group and Kaplan Meier (lifetable) survival analysis confirmed a significant difference between the groups at the p = 0-0048 level (fig 3) . The excess mortality in the. non-TGA group was due to an increase in vascular deaths (stroke, myocardial infarction or sudden death). Life-table analysis of survival stratified by cause of death showed a significant difference between the groups for vascular deaths (p = 0-006) but not for nonvascular deaths (p = 0-47).
When fatal and non-fatal vascular events (stroke, myocardial infarction or sudden death) were combined the difference between the groups was highly significant (p = 0 003, see fig 4) . Expressed as an annual rate, TGA patients had a 0-6% per annum rate of major vascular events compared with 7-7 % in non-TGA patients.
EPILEPSY
Of the total 153 patients in the study, 14 became overtly epileptic during follow up.
Eight of these were in the definite TGA category and six in the non-TGA group. Clinicalfeatures predictive ofsubsequent epilepsy There was a striking association between the number of attacks at presentation and the subsequent manifestation of epilepsy in both the definite TGA and non-TGA cases. Of the 17 TGA cases initially presenting after more than one attack six subsequently developed epilepsy (35-3%; 95% CI 12-6 to 58 0%), whereas of the 97 assessed after a single attack only two became epileptic (2 1 %; 95% CI 0 to 5.0%). This difference was highly significant (OR 25-9%; 95% CI 61 to 109). The same trend was apparent in non-TGA cases. Of the 13 patients presenting after multiple attacks, six became epileptic (46 2%; 95% CI 19-1 to 73 3%). By contrast, none of the 26 patients assessed after a single episode developed epilepsy. This difference was also highly significant (OR 43-7; 95% CI 3-8 to 500).
The duration of presenting episode was the other predictive feature. Of 10 definite TGA patients with attacks lasting less than one hour five developed epilepsy (50%; 95% CI 19 to 81 %), whereas of 104 patients with attacks of one hour or more only three developed seizures (2-9%; 95% CI 0 to 6%). This difference was highly significant (OR 33-7; 95% CI 8-3 to 136). Other clinical features not predictive of subsequent epilepsy included age, sex, behaviour during the attack and activity at onset.
Analyses of the positive and negative predictive values for epilepsy development after TGA revealed the following results. Of the eight patients who subsequently developed epilepsy four had both multiple and brief attacks (that is, less than one hour). Whereas of the 106 who did not develop epilepsy none had both features. The positive predictive value for epilepsy when both features were present was thus 100% and the negative predictive value 96-4%. Similar calculations showed that the positive predictive value when one or both features was present was 33-3%. Duration of attack was a better predictor than multiplicity since the positive predictive value of brief attacks was 50-0% and that of multiple attacks 35-3%. The negative predictive values in both cases was very high at 97-1 % and 97-9%, respectively. Thus, the likelihood of developing epilepsy when both factors are absent is extremely low. Whereas, the likelihood is extremely high when both are present. When either factor alone is present the likelihood is between a third and a half.
RECURRENT AMNESIA
The recurrence rate (excluding cases with subsequent epilepsy) was low in both the TGA. and non-TGA groups: nine of 114 TGA patients (7.9%; 95% CI 2.9 to 12.8%) and four of the 39 non-TGA cases (10 The demographic features of the TGA patients in our study were very similar to those previously reported. The vast majority of attacks occurred between the ages of 50 and 80. The mean age in twelve large series was 61 years. 2 6-12 16 26 27 4TGA appears to be more common in men although the reported sex ratio has varied considerably; in the larger series (cited above) males predominated in seven and females in five. The slight bias in favour of social class I may have reflected a difference in referral pattern. It seems very likely that patients from higher social groups would be preferentially referred by their general practitioners. Since the diagnosis depends upon accurate eye witness reports, less articulate families from lower social classes may have difficulty in describing the complex symptomatology of TGA to their general practitioners, and are perhaps less likely to request a specialist opinion.
Occasional authors have reported multiple attacks at presentation of TGA in up to 50% of their cases6 but most series have included between 10 to 30% of cases with more than one episaode.'2162526 In our series 85% presented after a single attack. The mean duration of attacks in the present study was relatively brief at 4 2 hours and attacks ofgreater than 12 hours were exceptional. In two recent large studies the mean duration was in the order of six hours.2627
Most patients have a permanent retrograde amnesic gap for events before the clinical onset of TGA. The only author to have previously drawn attention to this phenomenon is Fisher.'5 In his review of 76 personal cases, almost a half had a permanent retrograde gap, and the distribution of duration of retrograde amnesia was very similar to that observed in our cases. The number of patients in the non-TGA group in whom assessment could be made was too small to draw any firm conclusions. However, it was notable that exceptionally long permanent retrograde deficits were present in several non-TGA patients.
Despite the fact that in only a minority of patients could TGA be linked to an identifiable precipitating factor, the proportion associated with some activities such as swimming or medical procedures appeared to be higher than would be expected in a control population of this age. There have been no previous prospective studies of the frequency of precipitating factors. In the large retrospective study by Miller et In conclusion, transient amnesia is a heterogeneous clinical syndrome. The proposed criteria for TGA do indeed define a population with a good outcome and little to suggest cerebrovascular disease as a cause of their amnesia. In this group, which we would designate "pure TGA", there is no need for extensive investigation. Such patients can be confidently assured of a good prognosis and can be advised to continue driving. A subset of "pure TGA" patients, largely identifiable because of atypically brief or recurrent attacks, develop epilepsy. Patients presenting with brief or recurrent attacks are best designated as "probable epileptic amnesia" cases. A more guarded prognosis and more complete investigation are indicated in these patients. A further small group of patients whose episodes do not fulfil the criteria for TGA because of the occurrence of additional focal neurological features during the attack have a significantly worse prognosis for serious vascular events. It seems that in these cases, who represent only a minority of cases presenting with transient amnesia, cerebrovascular disease is probably the responsible aetiological agent, such cases should thus be classified as "probable transient ischaemic amnesia".
